We present V and I equivalent HST/WFPC2 photometry of two areas in the Large Magellanic Cloud: The southern part of the stellar association LH 52, located on the western edge of the super-shell LMC 4, and a field between two associations, which is located on the southwestern edge of the shell, and which accounts for the general background field of the galaxy. The HST/WFPC2 observations reach magnitudes as faint as V = 25 mag, much deeper than have been observed earlier in stellar associations in the LMC. We determine the MF for mainsequence stars in the areas. Its slope in both areas is steeper for stars with masses
INTRODUCTION
Stellar associations are young systems defined by their bright early-type stellar content (Ambartsumian 1947; Blaauw 1964) , constituting a unique length-scale of the star formation process in a galaxy (Efremov & Elmegreen 1998a) . While the membership of stars to associations in our own Galaxy is not easily verified (unless kinematic information is available for the stars in these areas; e.g. de Zeeuw et al. 1999 ) extra-galactic stellar associations are outlined by their bright early-type stellar content, and hence they can easily be identified in the general stellar field from the loci of their bright stars alone (Hodge 1986 ). Thus, their original identification with the use of photographic or photoelectric data has been based purely on these stars (see references in Gouliermis et al. 2003, Table 4 ). More advanced CCD ground-based observations have allowed to observe with better sensitivity and to resolve these systems down to their intermediate-mass populations, in particular for associations in the Large Magellanic Cloud (e.g. Massey et al. 1989; Parker & Garmany 1993; Garmany, Massey & Parker 1994; Oey & Massey 1995; Will, Bomans & Dieball 1997; Parker et al. 2001) . A recent comprehensive study, however, with the high spatial resolution, provided by HST, of extra-galactic stellar associations and their fields is still lacking.
The Large Magellanic Cloud (LMC), our closest neighboring irregular galaxy, is characterized by a unique sample of stellar associations (Lucke & Hodge 1970) and is known to contain a large number of them throughout its extent (Gouliermis et al. 2003) , easily identified by their bright stellar content. This galaxy has lower mass and metallicity in comparison to our own, but it has been shown to have almost the same presentday star formation rate (e.g. Westerlund 1997 ). This results in a large number of early-type stars establishing intense radiation fields, leading to the star formation in the LMC being different from the Milky Way. Most of the LMC associations are related to bright HII regions (Davies, Elliott & Meaburn 1976) , indicating places of on-going star formation. Many of them have been detected on the edges of super-giant HI shells (Meaburn 1980) , as identified by Kim et al. (1999) , which suggests that it is likely that these systems are the product of massive sequential or triggered star formation events (Gouliermis et al. 2003) . They are characterized by loose structure, so that their observations do not suffer from crowding effects, while the reddening toward them is low enough to reveal the entirety of any pre-main-sequence population. The stellar content of the general LMC field can be easily identified and distinguished from the one of the associations, while the foreground contamination from Galactic stars toward the LMC is minute. These facts make young LMC stellar associations very attractive targets for the study of stellar populations in regions of recent star formation and, in general, for the investigation of newly formed stellar systems in the Local Group.
LMC 4 (Shapley Constellation III) is considered to be one of the most impressive super-giant shells in the LMC (Meaburn 1980) . It is located north-east of the Bar and its edges, which are easily detected in HI (Fig. 1) , are also clearly highlighted by a large number of HII regions, most of which are related to stellar associations. The origin of LMC 4 has been discussed by de Boer et al. (1998) and Efremov & Elmegreen (1998b) . Several previous studies have been concentrated on stellar associations located on the edge of LMC 4. In the following, we summa- Kim et al. (1997) . The two white spots show the loci of the HST/WFPC2 fields studied here: The southwestern part of the association LH 52 (on the borders of the shells LMC 4 and LMC 5) and the "empty" field between the associations LH 54 and LH 55, more than 1 • to the south from the first field.
rize the results of the three most recent. Dolphin & Hunter (1998) performed UBV photometry on six fields within Shapley Constellation III with the 0.9m telescope at CTIO. These fields cover association LH 77 and four LMC clusters, as well as two general fields. These authors were able to measure stars accurately down to 19th magnitude in B and V , with the cutoff caused by crowding effects. They concluded that stars have formed in two modes in the constellation, a more diffuse mode, and a tighter clustered mode. They constructed the mass function of the observed regions and they did not find any low-mass cutoff for star formation down to 1.5 M ⊙ . Olsen, Kim & Buss (2001) analyzed the association LH 72 and its surroundings in LMC 4 with UBV photometry from 1.5m and 0.9m telescopes at CTIO. They identified emission stars in the boundaries of the system and a broad main sequence down to V ∼ 21 mag. They concluded that the expansion of the shell has cleared the northeastern quadrant of gas and triggered the formation of LH 72 behind its shock front. Gouliermis et al. (2002) used BV R and Hα imaging from the 1-m telescope at Siding Spring Observatory to study an area of 20.
′ 5 × 20. ′ 5 on the north-east edge of LMC 4, where three stellar associations are located, the most interesting being the association LH 95. This system was found to be very young, with the highest emissivity of the related large bright HII region (DEM L 252) to be connected to four Be emission stars concentrated in its very center. Their photometry was complete down to V ∼ 20 mag. These authors constructed the mass function of the system for masses down to 2 M ⊙ . This limit was set by the completeness. They suggested that there is a clear distinction between the population of the system, of its surrounding field and of the general field of the LMC for stars within the observed stellar mass limits.
The above studies on associations located in the vicinity of LMC 4 demonstrate the necessity for high spatial resolution photometry on the region, in order to detect the lower main-sequence stellar populations in star-forming regions of the LMC. This will also allow the determination of the lowmetallicity Initial Mass Function (IMF) toward the low-mass end. Since associations are unbound stellar systems, characterized by loose appearance, contamination by the back-or foreground stars of the LMC itself can be substantial and thus observations of the field of the galaxy are as important as of the systems themselves. Furthermore, it should be considered that the observed fields should be wide enough to cover the extended regions of these systems. Ground-based observations, with telescopes equipped with Adaptive Optics systems, can provide high spatial resolution, but require a bright star for wave-front sensing and are limited to small fields of view. Space observations with HST, on the other hand, provide the desired resolution with WFPC2 and ACS in a wider field of view. Therefore, HST can be considered as the best available instrument for such studies in the optical.
Taking under consideration this argument, we use archived HST/WFPC2 imaging data of two selected fields in the LMC, both on the edges of the super-giant shell LMC 4: The first covers the southwestern part of a typical large association LH 52 (Lucke & Hodge 1970) , also known as NGC 1948, and the second, which we will hereon refer to as the "field", covers the area between the associations LH 54 and LH 55 and can be considered as a typical "empty" general field in the LMC (Fig. 2) . This investigation will provide new information on 1) the MF of the general LMC field and the IMF of an association in this galaxy toward the subsolar-mass end and 2) the faint population of two fields, one of them covering a bona fide non-starburst star-forming region (LH 52). Deep Color-Magnitude Diagrams (CMD) of both regions, and consequently their low-mass MF will be presented, while the field subtracted IMF toward the association LH 52 itself will be constructed and studied with high completeness down to the limit of 1 M ⊙ . Our main concern in this paper is the study of the IMF in the low-metallicity environment of the LMC. Consequently with the investigation that follows we add more information on several related issues: 1) What is the slope of the low-mass end of the IMF in this galaxy? 2) Is the IMF slope universal through the whole detected mass range? 3) Is the low-mass IMF slope different from the IMF slope for more massive stars? 4) Is there any specific cut-off in the IMF of young stellar systems in the LMC? It is worth noting that while previous IMF studies in the LMC with HST observations concentrated on young star clusters (e.g. Hunter et al. 1997; Fischer et al. 1998; Grebel & Chu 2000; de Grijs et al. 2002; , no information of such kind is available for stellar associations of this galaxy.
The outline of this paper is the following: In the next section ( §2) we present our data and we describe the performed photometry. The spatial distribution of the detected stars in each observed field is investigated in §3, while the investigation of the observed populations takes place in §4, where the ColorMagnitude Diagrams (CMD) are presented. The determination and the study of the MF in both fields is described in §5, where we also present the (field subtracted) IMF of the observed part of the association LH 52. The summary of our results and a discussion are presented in §6. 
OBSERVATIONS AND DATA REDUCTION
The WFPC2 images on the region of LH 52 were collected as target of the Hubble Space Telescope program GO-8134. One telescope pointing was obtained, with the southern part of the association covered by WF2 and WF3 frames ( Fig. 2 -left panel) . The exposure times for the two filters used F555W (∼ V ) and F814W (∼ I) are given in Table 1 , together with other details of the observations. The data obtained for the "field" covers a larger collection of bands: F300W (∼ U), F450W (∼ B), F606W (∼ V ) and F814W (∼ I). Details for these observations are also given in Table 1 . This area was observed as target of the Hubble Space Telescope program GO-8059. Both the WFPC2 fields, overlayed on SuperCOSMOS Sky Survey images of the general areas, are shown in Fig. 2 .
The photometry has been performed using the package HSTphot as developed by Dolphin (2000a) . We used the subroutine coadd for adding medium-exposure images (e.g. 2 of 350 sec in each filter in the case of LH 52) to create deep ones. For LH 52 the three sets of exposure times (10, 350, 700 sec) allow us to cover the high dynamic range of brightness of the stars in the region with good overlap between sets, though we were not able to detect the brightest ones due to saturation. We recovered these stars with the use of previous ground-based observations, as it will be shown later. The fewer exposures used for the "field" did not allow us to create images as deep as for LH 52, and thus the corresponding stellar sample has a brighter detection limit. The most recent version of the HSTphot package has been used, which allows the simultaneous photometry of a set of images obtained by multiple exposures. HSTphot is tailored to handle the undersampled nature of the point-spread function (PSF) in WFPC2 images and uses a self-consistent treatment of the charge transfer efficiency (CTE) and zero-point photometric calibrations (Dolphin 2000b) .
Following Dolphin (2000a) we used the subroutine mask to take advantage of the accompanying data quality images by removing bad columns and pixels, charge traps and saturated pixels. The same procedure is also able to properly solve the problem of the vignetted regions at the border of the chips. The subroutine crmask was used for the removal of cosmic rays. One of the advantages of HSTphot is that it allows the use of PSFs which are computed directly to reproduce the shape details of star images as obtained in the different regions of WFPC2. For this reason, we adopt the PSF fitting option in the HSTphot routine, rather than use aperture photometry. The HSTphot photometry routine, hstphot, returns various data quality parameters for each detected source, which can be used for the removal of spurious objects. The most useful of them is the object type, which we used for a first selection of the best detected stars. According to the recipe outlined in "HSTphot User's Guide", a good, clean star in an uncrowded field should have χ of up to 2.5. We used this limit for our selection. An additional parameter provided by the HSTphot photometry is the sharpness of each detected object. Reasonable sharpness values for a good star in an uncrowded field are between −0.5 and 0.5. CTE corrections and calibrations to the standard V I system were obtained directly by HSTphot (Dolphin 2000b ). Fig.  3 shows typical uncertainties of photometry as a function of the magnitude for the two filters, as obtained from the deepexposure frames. Artificial star experiments were performed to evaluate the completeness. The HSTPhot utility hstfake was used for the creation of simulated images by distributing artificial stars of known positions and magnitudes. This utility allows the distribution of stars with similar colors and magnitudes as in the real CMD. The resulting completeness functions are shown in Fig. 4 for the two selected filters.
TOPOLOGY OF THE OBSERVED FIELDS
The HST/WFPC2 field on LH 52 covers the southwestern part of the association and it is almost entirely within its boundary as it was defined by Lucke (1972) . The boundaries of a stellar concentration can be defined in a straightforward manner by performing star counts in a quadrilateral grid of the stars detected in the area. This technique depends on the size of the covered area, the stellar number statistics and the selected size of the grid elements, within which stars will be counted (e.g. . We applied this technique on our data in order to establish the limits of the stellar concentrations in both observed WFPC2 fields. In the case of the field on LH 52 we did not use the few stars of the Red Clump (Fig. 7) , since we are mostly interested in the distribution of the MS stars. Eventually, the lower MS population of the CMD can not be distinguished between stellar members of the association and the field. We show the star-count images overlayed on the stellar charts of the HST observations in Fig. 5 . The star counts on the whole stellar sample of the field on LH 52 did not show a unique coherent stellar concentration, as expected for a single stellar system . This is probably due to the use of local statistics in a relatively small field such as the one of WFPC2, but it could also indicate sub-clustering through fragmentation of the parental molecular cloud. In any case, with star counts we observe the statistically significant local density peaks, which belong to the main body of the association. Specifically, the isodensity map of LH 52 shows that the eastern part of the observed field is denser populated and large stellar sub-groups, which belong to the association, are revealed in this region. This sub-clustering is a phenomenon common among associations and aggregates in the LMC .
The clumpy behavior of the area is also detected by star counts on stellar samples selected according to their brightness. We divided the stellar catalog of the area arbitrarily into three groups of stars according to their magnitudes in I. The groups are defined as bright for stars with I < ∼ 20 mag, intermediate for those with 20 mag < ∼ I < ∼ 23 mag and faint for the ones with I > ∼ 23 mag. It was found that in some cases the stars, which belong to different brightness groups have different spatial distributions. Specifically, five cases were identified, where clumps of bright stars are located in areas surrounded by regions with overdensities of faint stars, meaning that the observed clumps could represent bright newly formed subclusters. On the other hand, the noted groupings could also be apparent ones due to the lower completeness of faint stars in the areas, where bright stars are located. Still, the further investigation of this behavior is outside of the central purposes of this paper. The western part of the field on LH 52 is rather empty and it could serve as a representative field for the local background field of the LMC, due to its emptiness. Still, there are two factors not allowing us to use it as such: 1) The fact that the whole field is confined by the boundary of the association and 2) the argument that the observed emptiness is due to the use of local statistics within the small field of view, which covers an area of the association itself, and not due to the lack of statistically significant stellar numbers. Consequently, a more careful treatment should be considered for the use of a general background field of the LMC. As such serves the second observed area, which we call the "field". As shown in Fig. 5 (right), star counts on the "field" did not reveal any specific stellar concentration, except of few compact clumps, which are too small to be considered as significant. The use of the "field" for characterizing the general background field of the LMC is further supported by the CMD of the area discussed in the next section.
COLOR-MAGNITUDE DIAGRAMS

The area of LH 52 (NGC 1948)
The V vs. V − I Color-Magnitude diagram (CMD) of the WFPC2 field on LH 52, which includes 4,050 stars is shown in the left panel of Fig. 6 . Hill et al. (1995;  from hereon HCB95) observed a field including the associations LH 52 and LH 53 in the LMC with the Ultraviolet Imaging Telescope (UIT) in the 162 nm bandpass. They also observed two fields covering the associations from Cerro Tololo Inter-American Observatory (CTIO) with the 0.9 m telescope in B and V . From the 1048 stars detected by these authors within the boundary of LH 52, 218 are included in our HST/WFPC2 field, 28 of which were also detected in the far-UV. HCB95, using 421 stars with 14.8 mag < ∼ V < ∼ 18.6 mag and −0.20 mag < ∼ B − V < ∼ +0.15 mag, found an average reddening for LH 52 of E(B − V) ≃ 0.15 with a 1σ scatter of ±0.14 among the individual stars. Isochrone fitting on our CMD showed that the reddening should be considered to be very low between E(B − V ) = 0.05 and 0.1. We adopted a distance modulus for the LMC of 18.5 ± 0.1 mag, derived by Panagia et al. (1991) from SN 1987A. This corresponds to a distance to the LMC of 50.1 ± 3.1 kpc. At this distance 1 ′ ∼ = 14.6 pc. Considering that this is a star-forming region, the presence of differential reddening in the area should also be considered.
In Fig. 6 (right panel) we plot the V vs. B − V CMD of the stars detected by HCB95 within the boundaries of our WFPC2 field. The comparison of these two CMDs exemplifies the gain that has been introduced to crowded stellar photometry toward LMC with HST. The WFPC2 data, which were taken eight years later than the ones from CTIO reach a detection limit almost 5 magnitudes deeper. In the HCB95 CMD the stars also detected with UIT to have far-UV emission are plotted with thick dots. The five brightest stars could not be detected in our observations, due to saturation. These stars show in a direct manner that the stellar content of this field is very young, possibly still forming stars. Isochrone fitting on this CMD can only provide an age limit which coincides with the younger available models of ∼ 4 Myr. Consequently one may suggest that the stellar content of the area is that young. In Fig. 8 (left panel) the CMD of the area is plotted with representative isochrone models of older ages.
The area of the "field"
The WFPC2 field on LH 52 includes, as it would be expected, also stars of the general LMC background field, which can be detected in the CMD of Fig. 7 (left panel) mostly by the few members of the sub-giant branch located around V ≃ 20 mag and (V − I) ≃ 1 mag. The fact that this part of the CMD has only few members suggests that the contribution of the LMC field in the CMD at these magnitudes of the association is small. Still, there is a large number of low-mass MS stars in the field which is expected to contaminate the lower MS of the CMD in the area of LH 52. In order to quantify this contribution we study the second HST/WFPC2 field, the "field", which is located on the "empty" area almost 1
• south of LH 52 (see Figs. 1, 2) .
The constructed V vs. V − I Color-Magnitude diagram of the "field" is shown in Fig. 7 (right panel) , where we also show the CMD of the LH 52 area (left panel) for the sake of comparison. The "field" includes 4,155 stars detected in both V and I. The comparison between the two fields does not call for area normalization of the star numbers, since both cover equal surfaces. One should consider that differences in stellar numbers between the two fields should be expected due to a gradient in the LMC field star density, which is higher closer to the Bar. Indeed, the sub-giant branch of the "field" is very well defined and richer than the one in the CMD of the area of LH 52, in which the field contamination is very small for V < ∼ 18.5 mag. The "field", on the other hand, is characterized by lack of upper main-sequence stars, which has been previously verified for the general LMC field by other investigators (Gallagher et al. 1996; Elson, Gilmore & Santiago 1997; Castro et al. 2001) . As far as the lower main-sequence concerns both CMDs are comparable, except the fact that in the area of LH 52 there are a lot of reddened low-mass stars, which do not seem to exist in the area of the "field". This spread of colors toward the red cannot be accounted for by photometric errors alone. One cannot exclude the possibility of the existence of pre-main sequence stars forming this reddened sequence. In the case of the area of SN 1987A, it was found that such a sequence can be traced very well in the CMD with PMS models (Panagia et al. 2000) . Differential reddening and binarity should also be considered as important possibilities. In the CMDs of Fig. 7 is shown that the number of field stars significantly increases towards fainter magnitudes, and thus the field contamination in the area of LH 52 directly affects the mass function of the lower part of the main sequence. In addition, according to the tabulation by Ratnatunga & Bahcall (1985) , we expect negligible contamination by Galactic foreground stars in the main sequence of both CMDs. Furthermore, according to the work of Metcalfe et al. (2001) on the Hubble Deep Fields, the number of background faint galaxies that may affect the mass functions is expected to be smaller than the reported uncertainties (1σ) in each mass bin for stars brighter than V ≃ 25 mag.
The reddening toward the area of the "field" was estimated with the use of the available multi-band observations, by constructing the BV I 2-Color Diagram of this area. We find that the region is characterized by an absorption of A V > ∼ 1 mag. The corresponding reddening E(B − V ) depends on the applied reddening curve R V . Starting with Olson (1975) and Turner (1976) , many studies have been made to establish an accurate value of the ratio R V of the total absorption in V , A V , to the color excess, E(B −V ): A V = R V E(B −V ). A generally accepted value is R V = 3.1 (Koornneef 1983 ). This value is comparable with that found by Mihalas & Binney (1981: R V = 3.2) and by Leitherer & Wolf (1984) , who found a similar empirical reddening curve (R V ≃ 3.13). We adopt the value R V = 3.15 (e.g. Taylor 1986 ). Consequently the corresponding reddening toward the region of the "field" is found to be E(B − V ) ≃ 0.3. Isochrone fitting on the CMD (Fig. 8) , though, gave a smaller color excess, comparable to the one toward LH 52, as it was also found from isochrone fitting.
In order to estimate the field contamination in the area of LH 52 we rescale the number of stars per magnitude bin in the "field", so that we can evaluate the number of LMC field stars that have to be subtracted in each bin of the mass function derived from the original CMD of LH 52. In order to normalize the stellar numbers per bin in the "field" to the corresponding numbers in the field covered by the area of LH 52, we compare the numbers of stars in the sub-giant branch in both CMDs. In the CMD of LH 52 32 sub-giants were counted in the region covered by the limits 0.7 mag ≤ V − I ≤ 1.7 mag and 18 mag ≤ V ≤ 20.5 mag, while 67 stars were counted in the corresponding region of the CMD of the "field". This suggests that the contribution of the LMC field to the CMD of LH 52 is less than 50% of the background field population observed in the "field". Specifically, the ratio of the number of sub-giant branch stars in the "field" over the one in the area of LH 52 is 0.48 ± 0.10, taking into account the uncertainties due to number counts. This ratio will be taken under consideration later for the appropriate normalization of the numbers of stars per mass bin in the IMF of the "field", which will be used for the subtraction of the background field from the IMF of the area of LH 52. In summary, the IMF presented in the following section has been corrected for completeness and contamination by LMC field stars. We have investigated possible contamination by galactic field stars and faint galaxies, and in both cases found their contributions to be negligible.
Stellar populations in the observed fields
Previous HST studies on the population of the LMC field have investigated the star formation history of the galaxy. Consequently, our results of the study of the "field" may complement the previous ones. Gallagher et al. (1996) used WFPC2 to observe a patch of the outer disk of the LMC. They constructed the V -and I-equivalents CMD for more than 2000 stars down to V ∼ 25 mag and they used stellar population models to constrain the star formation history within the past 3 Gyr. The distribution of sub-giant stars indicate that a pronounced peak in the star formation rate occurred in this region about 2 Gyr ago. If lower main-sequence stars in the LMC have moderate metallicities, then the age for most LMC disk stars is less than about 8 Gyr. Elson, Gilmore & Santiago (1997) presented V I HST/WFPC2 photometry, which extends down to V ∼ 25 mag, for a region in the inner disk of the LMC and they confirmed the previous result indicating that an intense star formation event in the disk of the galaxy occurred a few times 10 9 yrs ago. A more recent study by Castro et al. (2001) focused on seven fields ∼ 5
• away from the LMC center, observed also in V -and I-equivalents with WFPC2. Their deep photometry (V < ∼ 26 mag) and the use of isochrones showed that an old population (> 10 Gyr) exists in all fields. These authors verified the presence of enhanced star formation, which took place 2 to 4 Gyr ago, in the fields localized in the north to north-west regions. The CMD of the "field" shows indications that verify these results. In Fig. 8 (right panel) we present this CMD with four indicative isochrone models overplotted. The models of the Padova group in the HST/WFPC2 magnitude system (Girardi et al. 2002) were used. From the isochrone fits in Fig. 8 is indeed shown that this field is characterized by a significant star formation event that took place 1 -3 Gyr ago. In addition, the sub-giant region of the CMD is very well traced by models of older age (∼ 15 Gyr).
The CMD of LH 52 area gives the impression that this is an area of mixed populations. This is expected since the field on LH 52 would not only include a star-forming association, but also a contribution of the general LMC field. There are several facts, which favor the conclusion that the observed part of the association LH 52, which is covered by our first WFPC2 field, is a star-forming region. It is related to a HII region named DEM L 189a (Davies, Elliot & Meaburn 1976) or N 48B (Henize 1956 ), which seems to coincide with the small diffuse nebula seen in Fig. 2 (left) on the limit between WF3 and WF4 frames of the WFPC2. From the observations presented here, it can be seen that this nebula is possibly excited by one single bright star, on which it is centered. The general area of the association is characterized by several bright nebulae. Will et al. (1996) performed UV and optical spectroscopy on bright blue stars located in this area and they derived an age of 5 -10 Myr. They classified seven stars as B-type and they found three O stars. All of those stars are located outside our WFPC2 field, with the O-stars being far away. One X-ray source was identified by ROSAT in the area, which is also characterized by the presence of one MSX (8 µm) and an IRAS source, as well as of a CO over-density found with NANTEN (Yamagughi et al.
2001
) located to the northwest of our field. Consequently, taking under consideration also the existence of bright upper MS UV-emitters detected by HCB95, one can conclude that the observed region and possibly the whole area of LH 52, is in fact a location, where star formation is taking place. Under these circumstances one cannot exclude the possibility of the existence of pre-main sequence (PMS) stars in our CMD, since the reddening toward this region is low, so that faint and cool objects could be easily detected in the optical.
Several studies in our galaxy have revealed PMS populations in the regions of stellar associations. Specifically, Massey, Johnson & DeGioia-Eastwood (1995) argue that the regions of the OB associations of the Galaxy show evidence of PMS stars with masses between 5 -10 M ⊙ and ages τ < 1 Myr, while 95 low-mass PMS stars with an age of ∼ 5 Myr were discovered in the Upper Scorpius OB association by Preibisch & Zinnecker (1999) . The young stellar content of the galactic starburst NGC 3606 has been investigated with ground-based NIR observations by Brandl et al. (1999) and more recently Stolte et al. (2004) who detected PMS stars with masses down to 0.1 M ⊙ and an age in the core region of NGC 3603 between 0.3 -1 Myr. Similar studies in the LMC concentrated on the starburst region of 30 Doradus. Brandl et al. (1996) performed adaptive optics NIR observations of the central region of 30 Doradus (R 136) and they detected 108 "extremely red sources", which are most likely PMS stars of low or intermediate mass. A red population with masses down to 1.35 M ⊙ , well traced by PMS isochrones, was also discovered in the CMD of R 136 by Siri- anni et al. (2000) with the use of HST/WFPC2 data, though no variable extinction was taken into account (Andersen 2004 ). In addition, Brandner et al. (2001) observed 30 Doradus with HST/NICMOS and they found no evidence for a lower mass cutoff for pre-main sequence stars in the area. Concerning the LMC field, Panagia et al. (2000) have identified several hundreds pre-main-sequence stars through their Hα emission in the field around Supernova 1987A and they found that most of them have masses in the range 1 -2 M ⊙ and ages between 1 -2 and 20 Myr. These authors suggest that some star formation is still ongoing in this field.
Similar investigations on stellar associations in the LMC are still lacking. Since PMS stars occupy a different place in the NIR CMD than MS stars, they are expected to be easily distinguishable in LMC associations from their background field. Furthermore the low reddening toward their regions and the small crowding in their areas imply that LMC associations should be considered among the best tracers of extra-galactic PMS populations. We used the grid of bolometric corrections presented by Keller, Bessell & Da Costa (2000) for populations in the LMC to construct the H-R diagrams (HRD) of the general stellar populations found in both WFPC2 fields presented here. It is interesting to note that in the diagram of the LH 52 area we could trace faint red sources with PMS isochrone models for 2.5 -20 Myr from Siess et al. (2000) . Still, this cannot be considered as a detection of PMS stars in regions of associations. High-resolution NIR observations toward such regions are needed for the definite detection of PMS stars and the construction of their IMF. Consequently for the construction of the optical IMF here, we treat all the detected faint stars in both fields as evolved MS stars.
MASS FUNCTIONS OF THE SYSTEM AND OF THE FIELD
Construction of the IMF
The distribution of stellar masses formed in a given volume of space in a stellar system is known as the Present Day Mass Function (PDMF) of the system. The Initial Mass Function (IMF) of the system can then be constructed, assuming that all stars were born simultaneously, after disentangling the evolutionary effects of the stars. There are various parameterizations of the IMF (see e.g. Kroupa 2002) . A commonly used parameterization is the one proposed by Scalo (1986) , where the IMF is characterized by the logarithmic derivative Γ, called index:
Here ξ(log m) is the IMF and Γ is its slope. It can be derived from the linear relation of ξ(log m) and log m. Reference value for the IMF slope is index Γ as found by Salpeter (1955) for the solar neighborhood (Γ = −1.35, for a mass range 0.4 < ∼ m/M ⊙ < ∼ 10). For measuring this quantity for a single stellar system one can assume that all stars in the system are the product of a single star formation event, which is more or less true, especially for young systems like stellar associations. Thus, assuming that all stars in an association were born within the last 10 Myr (which FIG. 9.-The main-sequence MF of the LH 52 area and the "field" constructed by using the mass-luminosity relation provided by the theoretical models. The stars have been counted in logarithmic (base ten) mass intervals. The numbers have been corrected for incompleteness and normalized to a surface of 1 kpc 2 . The errors reflect the Poisson statistics. The arrows indicate the 50% completeness level for the LH 52 area (left arrow) and the "field" (right arrow).
should be the case for LH 52) one can refer to the system's MF as its IMF.
The IMF of a stellar system is constructed by counting stars in mass intervals. This can be achieved by two methods: (1) By translating their luminosities into masses using massluminosity relations (e.g. de Grijs et al. 2002) and then constructing the distribution of the derived masses and (2) by directly counting stars between evolutionary tracks according to their positions in the HRD (e.g. . It is almost certain that the second method is more straightforward, because no transformation of luminosities to masses is required, while for the first method there is a definite dependence on the isochrone models used for the transformation of luminosities to masses. presented their results on the mass segregation effect in four Magellanic Clouds clusters and their mass functions and they argue that there is also a dependence on the theoretical models for the second method. These authors compared the MF slopes derived with both methods for their clusters and they found that in general both counting methods seem equally adequate for the construction of the MF giving comparable results (their figure 7) .
We verified this result by constructing the MF of the LH 52 area with both methods. For the first method the MF was determined adopting a mass-luminosity relation derived from theoretical evolutionary models. We used the latest Padova theoretical isochrones in the HST/WFPC2 STmag system (Girardi et al. 2002) . These models were originally developed by Girardi et al. (2000) and they were transformed to the HST/WFPC2 pass-bands as described in Salasnich et al. (2000) . For the second method, transformation of our measured V − I colors and V magnitudes into temperatures and luminosities was made through interpolation into a grid of synthetically derived colors and bolometric corrections presented by Keller, Bessell & Da Costa (2000) . Preliminary results on the second method have been already presented by Gouliermis, Brandner & Henning (2004) . The evolutionary tracks presented by Schaerer et al. (1993) were used for counting stars in the HRD. An excellent agreement on the main sequence between these tracks from Geneva and earlier isochrones from Padova (Fagotto et al. 1994 ) has been found. In all models the LMC metallicity (Z=0.008) was taken into account. The counted stellar numbers were corrected for incompleteness and were normalized to a surface of 1 kpc 2 for both methods. We computed the slope of the MF constructed with each method and we found that it does not differ considerably, being the same within the errors, for the same mass ranges. This coincidence gives confidence that the use of only one method for constructing the IMF will be sufficient.
The Mass Function of the observed fields
We derived the MF of the MS stars in the LH 52 area and the "field", by selecting them from the corresponding stellar samples and using the mass-luminosity relation provided by the theoretical models of Girardi et al. (2002) for the determination FIG. 10.-The MS IMF of (a) the area on LH 52 and (b) the "field" constructed by using the mass-luminosity relation provided by two different isochrones (for log τ ≃ 6.6 and 7.8). It is shown that for the low-mass stars the slopes of the IMF are almost identical, while for the intermediate-mass stars they are comparable. We overplot the linear fits for every mass-luminosity relation for the intermediate-mass range. The stars have been counted in logarithmic (base ten) mass intervals. The numbers have been corrected for incompleteness and normalized to a surface of 1 kpc 2 . The errors reflect the Poisson statistics. The arrows indicate the 50% completeness level.
of their initial masses. The stars were counted in logarithmic (base ten) mass intervals. The counted numbers were corrected for incompleteness and normalized to a surface of 1 kpc 2 . The MF of both areas is given in Fig. 9 . The errors reflect the Poisson statistics of the counting process and they are suitably corrected and normalized. In this figure it is shown that the MF slope toward the low-mass end seems to be different from the one toward the intermediate-mass range, with the MF being steeper toward the lower masses. The limit of M ≃ 2 M ⊙ may be considered as a reasonable threshold separating the two mass ranges having different slopes. This phenomenon of different MF slopes between mass ranges with M > ∼ 2 M ⊙ and M < ∼ 2 M ⊙ is more prominent in the case of LH 52 area, while the MF of the "field", as seen in Fig. 9 , could be considered as a single slope distribution. Considering that each observed area represents a region of different context in the LMC (the first being a star-forming region and the second an empty field), these results support the suggestion of a top heavy IMF for typical star-forming regions in the LMC. One may consider that, with the use of a mass-luminosity relation for the construction of the MF, uncertainties may occur if there is an age distribution among the stars in the areas of interest. Then the use of a single isochrone may not be adequate for a mass-luminosity conversion. We tested this argument by constructing the MF of both fields with the use of two different indicative isochrones, representative of the MS populations observed in the fields (for log τ ≃ 6.6 and 7.8). The first choice is based on the fact that the area of LH 52 includes a very young population, as shown in the CMDs of Fig. 6 , while the second is taken as the younger limit of the older population observed in both the CMDs of Fig. 7 , taking into account the fact that the transformation of luminosities to masses does not differ at all with the use of older models for main-sequence stars. The constructed MF is shown in Fig. 10 . As shown earlier, a singleage scenario for both regions is not justified. Still, the use of a single model is a simplification justified by the fact that the correspondence of luminosities to masses is not age sensitive for the main sequence, especially for the fainter stars. Indeed, we found that for the low-mass stars the slopes of the MF are almost identical for both models, while for the intermediate-mass stars (M > ∼ 2 M ⊙ ) they are very close to each other, within their uncertainties. We note that the difference in the slopes seems to be more important in the case of the LH 52 area, the estimated values, however, are comparable. From this test is found that with the use of different mass-luminosity relations, the upper mass limit is changing from ∼ 6 M ⊙ (with the use of the model for log τ ≃ 7.8) to ∼ 9 M ⊙ (for log τ ≃ 6.6). This occurs due to the fact that younger stars tend to be more massive than their older counterparts with the same luminosity, and it affects mostly the MF of the area on LH 52, since in the "field" the ) log τ = 6.6 log τ = 7.8 log τ = 6.6 log τ = 7. Note. -The slopes estimated with the use of mass-luminosity relations derived from two different models (for log τ ≃ 6.6 and 7.8) are given for the sake of comparison. Symbol "-" marks the cases, for which the MF slope could not be estimated due to the lack of stars in the specified mass ranges. larger mass bin is around 7 M ⊙ . Still, in both areas the slope of the MF does not seem to be seriously affected by this problem, since it does not change significantly, as shown from the MF slopes of Table 2 . In any case, a check on the isochrone models proves that for the lower MS population there are no considerably large differences on the individual initial stellar masses between different isochrones.
In Figs. 9 and 10 the arrows indicate the 50% completeness limits for each sample. Taking under consideration that the two areas were observed within different programs they do not have the same exposure times in the common bands and thus, as shown earlier, their completeness functions are different. Consequently for the comparison of the MF slopes we cannot use the whole mass range for the LH 52 area, which has better completeness. This is also applicable to the field subtraction described later. The MF of the LH 52 area was constructed for masses down to ∼ 0.6 M ⊙ and it is complete down to the limit of ∼ 0.7 M ⊙ , while the area of the "field" is complete down to ∼ 0.9 M ⊙ . We present the MF slopes of the areas for the mass ranges with M < ∼ 2 M ⊙ (low-mass range) and Table 2 . In this table we also present the slopes as they are found for the whole of the complete mass range of each sample and we give the estimated slopes of the MF, as it is constructed with the use of the massluminosity relations derived from both isochrone models.
From the values of Table 2 it can be seen that the MF of the "field" is systematically steeper than the one of the LH 52 area for the same mass ranges. This finding is in line with the results by Massey and collaborators (see e.g. Massey 1990; 1993) , who found that the MF slope of the massive stars in the general LMC field is steeper than the slope of the OB associations. It was also found to be comparable to the one of our Galaxy. The fact that the general LMC field, which is represented by our "field" has indeed a steeper MF slope than the one of the LH 52 field is possibly connected to the fact that the latter includes an association. This difference in the MF slope between the LH 52 area and the "field" is verified for every selected mass range shown in Table 2 . A reasonable explanation is the fact that the "field" seems to cover a large number of low-mass stars, while the area of LH 52 has a definite larger number of more massive MS stars, as it is discussed earlier for the CMDs of the fields. Indeed, as it is shown in Figs. 9 and 10 the low-mass range of the MF up to about 1.25 M ⊙ is covered mostly by the "field", while the LH 52 area has more highly populated bins of larger masses, which leads to a top-heavy MF as discussed earlier.
A general conclusion based on the slopes in Table 2 is that in all cases, except for the intermediate-mass range in the LH 52 area, the MF does not follow the Salpeter law, but being steeper. found that the slope of the IMF of the LMC field stars is very steep, Γ = −4.1 ± 0.2, for stars with masses > ∼ 2 M ⊙ . This slope is in very good agreement with "field" Γ for its whole mass range (∼ 1 -7 M ⊙ ). If we assume that there is no change of the MF slope at masses around 2 M ⊙ , this slope for the LMC field stars stays unchanged down to 1 M ⊙ . On the other hand assuming that indeed the MF slope changes at ∼ 2 M ⊙ , then we see that the MF of the LMC general field is very steep at the low-mass range, it becomes more shallow (close to the Salpeter's) at the intermediate-mass range, and becomes steep again for the massive stars. Our results seem to favor this scheme. The fact that the intermediate-mass range MF slope for the LH 52 area coincides with Salpeter's value, for all three selected mass ranges and for both mass-luminosity relations, is another very interesting result.
So far we use the term "Mass Function" to describe the observed distribution of stellar masses in both WFPC2 fields. The reason is that the general LMC field, which dominates both regions, is found to include stars old enough for intermediatemass stars to have evolved from the main sequence. On the contrary, the lower-mass main-sequence stars, which we detect in our CMDs are expected to remain in their initial positions The completeness corrected IMF of the southern part of association LH 52 covered by the first of our fields after the general LMC field contribution has been subtracted, assuming that it is well represented by our second WFPC2 field. Characteristic slopes, estimated for the IMF constructed with mass-luminosity relations derived from two different isochrones, have been overplotted. These slopes are comparable, within the errors, but shallower than a Salpeter's one. until today. Under these circumstances the constructed mass distributions for both areas represent their PDMF for their entire mass range, while for the low-mass stars we can refer to it as the IMF.
The Initial Mass Function of the Association LH 52
The MF of the LH 52 area is affected by the presence of the stellar population of the general field of the galaxy. This was shown earlier in the CMD of the area, where an underpopulated sub-giant branch, which seems to be mixed with the population belonging to the association, points to a contribution from the general LMC field. In order to disentangle this contribution and to construct the IMF of the stellar system in the LH 52 area (the association itself) we use the observations of the "field", which we treat as a representative sample of the general LMC field. Thus, we subtract the contributing number of "field" stars per mass bin from the corresponding in the LH 52 area. The remaining numbers are used for the construction of the IMF of the association. Specifically, the number of stars in the sub-giant branch of both CMDs is being used to normalize the MF of the "field" to the expected distribution if the LH 52 area would contain only the field population. The derived completeness corrected, field subtracted IMF of the association LH 52 is shown in Fig. 11 . It is actually the IMF of the southwestern part of the association LH 52, which is covered by the first HST/WFPC2 field presented here. In this figure we plot the IMF, as it is constructed with the use of both mass-luminosity relations, in order to exhibit the similarity of the results. Two representative lines, which are derived from the corresponding linear fits, are also overplotted and their slopes are given. All linear fits applied for the evaluation of the IMF slope are not weighted. It should be noted that the field subtraction is valid for masses larger than 0.9 M ⊙ , since this is the mass limit, where the stellar sample of the "field" is complete. Consequently we are able to estimate the IMF slope of the system for masses M > ∼ 1 M ⊙ . Furthermore it must be kept in mind that field subtraction is one of the major uncertainties in the determination of the MF of an association. In §4.2 we note that the percentage of the stars detected in the "field" that has to be used for the field subtraction of the MF is 48% (± 10%). We performed this subtraction considering the whole expected range of the field contribution (38% -58% of the stars in the "field") in order to estimate the uncertainty in the slope of the IMF of LH 52 due to this subtraction.
The derived slope of the association was found to be definitely more shallow, but still comparable within the errors, to a Salpeter IMF. Specifically its value is found to lay between the limits of ≃ −0.70 and −1.30 (Fig. 11) , which result in a IMF slope for LH 52 Γ ≃ −0.95 ± 0.29 for the mass range given above. This slope is in line with the average value of the IMF slopes of the associations in the Milky Way (Γ ≃ −1.1 ± 0.1), but somewhat more shallow than the one of the Magellanic Clouds (Γ ≃ −1.3 ± 0.1), found by Massey, Johnson & DegioiaEastwood (1995) for stars with masses > 7 M ⊙ . From Fig. 11 it can be seen that, after the field subtraction, the IMF slope seems to be constant through the whole mass range and does not change significantly for different mass ranges. However we estimated the IMF slope of the association for the two mass ranges separated by the limit of 2 M ⊙ , for reasons of comparison with the results in the observed fields. We found that for the low-mass range (∼ 1 -2 M ⊙ ) indicative limits for the IMF slope are −1.18 and −1.27, while for the intermediate mass range (∼ 2 -7 M ⊙ ) it is somewhat more shallow, between −1.05 and −1.07. From these values one can conclude that the stars with masses larger than 2 M ⊙ determine the total IMF slope of the association. This is in line with our results so far, which imply that the general LMC field is responsible for the low-mass population observed in both fields, while the MF of the LH 52 area is mostly affected by the existence of more massive stars, members of the association. Under these circumstances there are clear indications that the IMF of a star forming stellar association in the LMC is a "top-heavy" IMF, due to its intermediatemass stellar members, but the uncertainties are too large for this to be a definite conclusion.
SUMMARY AND DISCUSSION
In this paper we studied the IMF, using HST/WFPC2 observations, for two stellar fields located on the boundary of the super-shell LMC 4, which is surrounded by a large number of star-forming stellar associations. The first field targets the southwestern part of the known large association LH 52, which resides (with LH 53) on the border of LMC 4 with the shell LMC 5 (Fig. 1) . The second field is located in the empty area between two smaller associations (LH 54 and LH 55) towards the south of LMC 4 (we refer to it as the "field") and it accounts for the general background field of the LMC, which deserves an equally thorough investigation. Both areas are populated by a large number of faint stars with masses down to the sub-solar regime. The CMD of the LH 52 field, though, reach a much brighter upper MS limit, while for the "field" there is a lack of MS stars brighter than V ≃ 18 mag. Its brighter population is mostly characterized by a prominent sub-giant branch.
We construct the MF of the stellar populations detected in both fields, taking into account several considerations concerning the sources of uncertainty in the derived slopes. The MF is constructed with two methods for counting stars in mass intervals. For the first we use a mass-luminosity relation for transforming luminosities into masses and for the second we transform colors and magnitudes into temperatures and luminosities, and we count stars between evolutionary tracks according to their positions in the HR-Diagram. We verify, as it was previously found, that both methods give comparable results concerning the slope of the constructed MF. As far as the massluminosity relation concerns, we test the possibility that the use of theoretical models of different ages may result in the construction of much different MF, and in consequence may give different results for the corresponding slope. We found that as far as the MS population concerns, there are no significant changes in the slopes of the constructed MF, though the upper mass limit depends on the selected mass-luminosity relation.
The large majority of the observed low-mass stars with 1 < ∼ M < ∼ 2 M ⊙ in both fields seems to be a feature of the general field of the LMC. The MF of these stars resembles very well their IMF, since they are not expected to have left the MS, within the life-span of the LMC general field, as it is revealed from the CMD of the "field" ( §4.3). The slope of this MF is found to be very steep, between Γ = −4 and −6 and systematically much steeper than the one of the intermediate-mass range (2 < ∼ M < ∼ 7 M ⊙ ). This implies that the contribution of the low-mass MS stars to the MF is higher than expected, if it is assumed that the MF follows the same slope for masses smaller than ∼ 2 M ⊙ . The general LMC field has an intermediate-mass MF slope around Γ = −2, which is steeper than the corresponding one of the LH 52 area. The latter is found to be very close to Salpeter's value with Γ between −1 and −1.5, comparable to the typical IMF slope previously found for the massive stars in associations of the LMC (Γ ≃ −1.4; . The MF slope for the whole mass range (1 < ∼ M < ∼ 7 M ⊙ ) in both fields falls between the above limits, with the one of the "field" being definitely steeper than the one on the association LH 52.
The slope of the field IMF was found previously to be steeper (of the order of Γ ≃ −3 to −4) than of the stellar associations in the LMC and the Galaxy, for the most massive stars with M > ∼ 7 M ⊙ (Massey, Johson & DeGioia-Eastwood 1995) . This was verified for stars with smaller masses down to 2 M ⊙ more recently by Gouliermis et al. (2002) , who investigated photometrically the stellar content and the MF of three stellar associations and their fields located on the edges of LMC 4. These authors found that the MF slope of the association LH 95 for intermediate-mass stars is somewhat steeper than Salpeter's (1955) with −1.9 ≤ Γ ≤ −1.2 and, indeed, more shallow than in the surrounding general field of LMC (−4.9 ≤ Γ ≤ −3.6). The latter result is further supported by the larger number statistics of our investigation here. We verify that the MF of the general field of the LMC is steeper than the IMF of a stellar association also toward lower masses down to M ∼ 1 M ⊙ .
We use the MF of the "field" for correcting the field contamination in the observed area of the association LH 52. Thus, we construct the field-subtracted, incompleteness-corrected, mainsequence IMF of the southwestern part of the association itself. This was possible for masses down to about 1 M ⊙ , due to the completeness limitations in the "field". We find that the slope of the IMF of the association is comparable to, but more shallow than a typical Salpeter IMF. This is due to the large number of more massive stars in the area, which implies that this IMF may be considered as a top-heavy IMF. This result is in agreement with the one by , according to which the shallower slope of the association IMF suggests that not only the star formation rate is higher in associations, but the local conditions favor the formation of higher mass stars. The IMF slope of LH 52 for masses M > ∼ 1 M ⊙ is found to be Γ ≃ −0.95 ± 0.29, in agreement with what previously was found by HCB95 for the same association (Γ ≃ −1, for M > ∼ 3.5 M ⊙ ).
The MF of the intermediate-mass stars observed by Gouliermis et al. (2002) in the area of the association LH 95 (including the contribution of the LMC field) was found with a slope −1.8 ≤ Γ ≤ −1.5 comparable to our results on both observed fields in the same mass range (Table 2) . These values agree with the slopes found for 14 associations in the Magellanic Clouds by Hill, Madore & Freedman (1994 ; Γ ≃ −2.0 ± 0.5 for M > 9 M ⊙ ). The field subtracted IMF of the associations LH 95 and LH 52 themselves, though, are more shallow and in line with the ones presented previously by  Γ ≃ −1.3 ± 0.3). The latter authors note that the differences in the estimated IMF slopes between their study and the one by Hill et al. is due to the inability of photometry alone (with no spectroscopy) to treat the hottest (and most massive) stars.
Here we stress the importance of the field contamination of the IMF of an association, especially toward smaller masses. The difference in the IMF slope due to the field contribution, was already noted by Parker et al. (2001) for the association LH 2. These authors state that "it is possible that even in the case of an universal IMF, the variability of the density of field stars may play an important role in creating the observed differences between calculated IMFs for OB associations". Our results support this suggestion.
Concerning the universality of the IMF, Hunter (1995) has tabulated IMF slopes and their appropriate stellar mass ranges for stellar systems in the Local Group, showing that the slope of the IMF of stellar associations is lying within the same limits of −1.0 ± 0.1 and −1.7 ± 0.2. The IMF of these studies has been determined for stars more massive than 25 M ⊙ only, and for stars with masses larger than ∼ 7 M ⊙ . Hunter et al. (1997) note that no statistically significant variation can be seen among the slopes, but the uncertainties are fairly high. They conclude that for young star clusters and associations the IMF is independent of the galactic characteristics and the mass range and that the star formation process is truly local, independent of the galaxy in which it is located. Sirianni et al. (2000) studied the lowend IMF of R 136 and they found an agreement of their IMF slope with earlier investigations for masses larger that ∼ 3 M ⊙ , but they report that the IMF shows a definite flattening below ≃ 2 M ⊙ . According to these authors, these findings add to the conclusion of Scalo (1998) that, at least for stars less massive than ∼ 1 M ⊙ , the IMF is not uniform. A flattening of the IMF could also be indicated for masses below 1 M ⊙ by Sirianni et al. (2002) in HST/WFPC2 observations of the cluster NGC 330 in the SMC. Yet, as these authors state, "since the photometric completeness in that mass range is always less than 50%, one cannot assess the reliability of this intriguing conclusion, which would require deeper photometry".
Our investigation shows that, as far as the general field of the LMC concerns, the MF slope depends on the mass range, being very steep for stars with masses smaller than ∼ 2 M ⊙ , and very much different for larger masses (Figs. 9 & 10) . On the other hand the IMF of the star-forming stellar association, as seen in Fig. 11 after the field subtraction, seems to follow the same slope for the whole observed mass range. So, within the 50% completeness of our data, we did not identify any flattening of the IMF for stars with M < ∼ 2 M ⊙ . This result clearly suggests that the IMF of a young stellar system in the LMC may be considered to be universal through the whole of its detected mass range. In addition, in our data we could not identify any lower mass cutoff in the IMF for the detected MS stars, in line with the results by Brandner et al. (2001) , who found no evidence for a lower mass cutoff in the IMF for pre-main sequence stars in the vicinity of 30 Doradus in the LMC.
Some final remarks that can be additionally drawn from the study presented here are: 1) HST observations with WFPC2 on associations in the LMC reveal their sub-solar stellar masses with reasonable completeness, due to lack of crowding. 2) In consequence the IMF of these systems can be successfully constructed down to the detected low-mass end, in the optical, due to low reddening. 3) Stellar associations cover length-scales larger than typical star clusters, and thus, wide field imaging is required for the study of a typical extra-galactic stellar association at its extend. Hence, the Advanced Camera for Surveys would be the most appropriate instrument for such studies to be carried on. This paper is based on observations made with the NASA/ESA Hubble Space Telescope, obtained from the data archive at the Space Telescope Science Institute. STScI is operated by the Association of Universities for Research in Astronomy, Inc. under NASA contract NAS 5-26555.
